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ABST^CT 



e-€ccM yc'«rs cha Wo So Hfivsl Postgrgduat# ' gus^wtt 

deal of iut^yesE exhibited in the use of hydrogen-oxygg'Si ©)%p]l@ 

slons' to f®wi" enclosed chambers as an underwater acoustic signal feowr>C'6 
The basic intent of this thesis was an investigation ©f the ajwunt ©f 
acoustic energy available from such a controlled explosion and its de« 
pendence ©n various mixtures of gas, including excess amounts of hydr©- 
gen, oxygen and nitrogen. 

The lew energy yields obtained were both unexpected and disappoint 
ing and the afflclency of conversion from chemical to acoustic energy 
was astonishingly low; so low that the value of the process as a «aurc@ 
of acoustic signals is considered to be of doubtful significance. 

Frequency spectra and tliin® domain photographs of each explosion 
and a short section on variation of energy with depth of explosion 
are included. 
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1, Itutroduict l©si 



This th#sls was ursdgrtakesii as a diritct follow”«p of soa® of eh® rt" 
comnt^stdae ioisis »aad® ia ehosss corapleced at th@ Kaval Postgrsdwato School io 
1960 and 1961. /!/, /2/ 

Siacig th® work done in these theses indicated that explosive fnixttireg 
of oxygen and hydrogen could be obtained by controlled electrolysis In 
sea water and that a Judicious choice of chamber size and shape, ex” 
plosive mixture, quantity and type of excess gas and depth could result 
In acoustic signals of discrete bandwidth, It was felt by the authors that 
further investigation of this leethod of generating acoustic signals could 
yield Important results. 

The authors decided that the field of acoustic energy liieasurement was 
most Important since It would lead to a knowledge of the actual acoustic 
energy available and to a determination of the chemical to acoustic energy- 
conversion efficiency. In addition, this area of study would provide a 
method of determining the most efficient mixture, the best shape of tt5n§= 
ducet and any changes In mixture which might be required, as a function of 
depth, to maintain efflctency. 

Due to problems encouncerigd In the calibration of hydrophones^ In 
devising a method of positioning the hydrophone with respect t© the cran»= 
ducer without inducing secondary effects in th^? system and. In ns srsall 
degree, to poor weather conditions over a large part of th^ p4*riod avail” 
able for experimentation, it was not possible to Investigate all of these 
parameters. Since a simple transducer was available from previous ex- 
periments, /2/, it was used In this experiment with the intention of jusdify- 
Ing it as results and developments dictated. Due to the problems previous- 
ly mentioned, no changes were made and the results presented in this thssla 
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arc for this transducer only. 

In conducting the experiments, a hydrophone was connected to a tap® 
recorder which received and stored the signal for later analysis in Che 
laboratory. Analysis was carried out using a spectrum analyzer and oscil- 
loscope for frequency and time domain studies. The acoustic energy was 
calculated by a time sampling technique with voltage ordinate^ obtained 
from the expanded trace of th® raentoscope and converted to pressure ordinates 
through a knowledge of the characteristics of the hydrophone and tape record 
er. The equipment, the techniques used, and the calibration procedures 
followed are more fully discussed in the Appendices. 

It would not be possible here to Include the names of all who have 
been of assistance to us in obtaining equipment and providing guidance and 
advice. We do, however, wish to extend our thanks to Professor C, F, Klaraa 
for assistance with the energy calculation irethod, to Professors L, E, 
Kinsler, 0. B. Wilson and D. A, Stentz for helpful suggestions, to Prefassoi 
C. E, Mennecken for arranging the loan of the spectrum analyzer, and the 
First Lieutenant, LCDR W, E, Walkup, who provided the boat and crew without 
which it would not have been possible to conduct the experiments. Special 
thanks go to the men of the boat crew and technicians of the electronics 
staff who worked for us under sometlnies adverse conditions at sea. 
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t Equiprrti^it and bfeasur@B®nts 

( 3 ) Tfansdweegj, Gas M»^«iat»if€g*-»n£ and tenltlon of IbxplesiorA 

As utentlonadj, the explsslv® chamber (trarssducer) wa>s avail^^lslg 
from f-revi©«s expertments, /Z/ The transdecer is showw in Fige 1« 

The gas voluine taaa»ur©s?enE procedyre used va® {d.gntlcal with 
that employed by previous expertm'Br.ters /2/ and the ©fflltbrati'an curves 
for the regulator valvts used are given in Appendix !» 

Ignition oi the explosion was 9eto»pll8hed by placing two six 
volt d,c. batteries In series across a resistance coil In the explosive 
chamber. Firing current varied frons 10 to 12 amperes. Ignition ei«« 
varied froro 8 to 20 sec and seeiroed to be an Increasing function ©f the 
aniount of excess gas. 

(b) Hydrophone 

The hydrophone used was a BlC83a for which a calibration tmv& 
was available from 40 cps to 600 cps when used with 35 ft of 2 comductot 
shlelded cable. Since an additional 200 ft of cable had to b«i added to 
this short cable to reach the depths at which the tests were condvct-gdj, 
reciprocity calibrations were stterapted^ in a tank,, at several frei^ueit* 
cles between 50 and 600 cps. As might be expected; difficult Lea wtgre 
encountered with standing waves and accurate results were not obtain@d.. 
However* with the results that were obtained and by comparison through 
the substitution method with an M115B hydrophone; for which a califer@= 
tlon curve was available; a figure ©f -35 db re 1 volt per Microfear %’S!@ 
obtained for the frequency range of Interest. This compared with -81.5 ?fe 
re 1 volt per mtcrobar given on the calibration curve end seems entirely 
reasonable In view of the extra length of cable Involved. This figuav 
of -85 db re 1 volt per siicrobar was used as the hydrophone response in 
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(c) Hydrophone PosittoniRR 

In measuring the acoustic energy available from an lesion 
it is necessary to fix the hydrophone at a known distance from the source 
of the explosion. It is also important to know whether there is any direc- 
tionality in the propagation of the sound due to the transducer configura- 
tion or other factors. If measureinents could be made ®t several fixed 
angles relative to the transducer while maintaining a fixed distance fror- 
it, any directionality present in the signal should be apparent. An attempt 
was made to meet these requirements by fixing the hydrophone to Che end ©f 
a boom, the other end of which was pivoted at the suspension point of Che 
transducer. 

Unfortunately, It was found that with a free hanging transducer, 
as was used in these experiments, the presence of the boom had an effect ©n 
the explosion and that this effect varied with the position of the boom. 

For Instance, high frequencies (3-4 Kcs.) were observed In the output wl^en 
the boom was vertical or close to vertical which were not present when the 
hydrophone was placed in the same position by tying it to the suspension lfn« 
and removing the boom. This indicated that the boom was excited to longi- 
tudinal vibration by the force of the explosion and that the high frequenclas 
catne from the hocm and not the transducer. The boom was therefore discarded 
and another approach to the pi'oblcra of directionality was sKsde, 

The hydrophone was attached to a length of line which was secured 
to the suspension cable of the transducer; sufficient tension was placed on 
the hydrophone cable to Insure that the hydrophone to transducer spacing was 
approximately the length of the line. In this way the hydrophone was posi- 
tioned at several different though unknown angles with respect to the trans- 
ducer. When the output wave forms of explosions with the hydrophone directly 
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.s<>oV'a vfItH thw; ,^v.?:, >si. ■ii'Vn--.. i<jt- ti of ■ 

4>rpU5f!£o©s vifh t;^e hvt!r0i;5!so!>t ^1J■>ot•©>'/.se^:ls;■sl5* £5ia <?0»,; virst^frctj to c-rQ 
iii'Sti of Ihe t,r3n'5d«C'.‘*r, rhey war** lownd t© is^tiise ptwil^cK '' vs 

exceptions, contciineJ no fve^5J^nciC'9 A&ov^g 6C0 cp«, ?i«ce It Is V.n©''”'o 4?'-.at 
little directivity can be expected frow eny device physical dtras^ipi'leas 

are less than one quarter wave length, (approx, ICO Ipchses &C?0 cpg 1.0 
water) it was apparent that the 7 - 1/2 Inches dlasseter by 16 ttDChvs Icn^ 
ducer could not direct the sound. On this premise, the trans3»««i^r vas trcai- 
ed as a point source, radiating sound uniformly in all 4ir>gctio«?5, fsH 
measurements were road® with the hydrophone secured t© the tran-jducer suf' 
pension line at a point 20 ft above the center of the trftnsdocer, 

(d) Record InK Sy^teti 

Sine® an open boat without no electric power p!»^int yi.s caployi?!-' 
as a platform from which to conduct the .-actual explosions' In 4«sep wstgr, 1* 
was not possible to take analysis equiprii-nc along. Inslead^- #’ Am®l! 12 
d.c, to 117 volt 60 cps rotary cenverter was used to aupply an Ampex 600 
Tape Pecarder, on which all explosions were recorded. 

The tape recorder had a relatively small dyrdmlc ronge (nhouf. 2* 
db) and care had to be taken not to overload the Input arstplif 
overload did occur, the shot was repeated at a low®r lnp.*e level. Tspe &£- 
corder gain characteristics were investigated as ® fuin!<ecl©n of Input 
and are given in Fig, 2, In all calculations gains ©£ 12, 18, and 24 db ?.•.«>, 
were used for microphone input levela of 3,0, 3o5 and 4,0 mspsctivifly, 

(e) Analysis 

Analysis of the recorded exploPion waveforms wa© carried ©ui In 
both the time and frequency domains, Th« output o£ the tape recorder, 
properly terminsited in ft 600 oh<3 toed, v«s fed to a Hughes ""fAswscope” 
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i« to obcalR ws tlrm« wsv'isfoi’wir. v|«tch eouid b& cc'Hverttjd to 

pKessure vs tifs«e, through a i;no'wledge of the tap*? sreeoriSer #a«d hydrophone 
response chsractertstlca. 

Using saiRpltng theory, it was possible to calculate the acoustic 
energy generated by each explosion from the pressure vs tlnse wavefottcs. 
Appendix II gives the theory and an Illustration of the technique used in 
these calculations. 

The output of the tap® recorder was also fed to a Ksy Electric 
"Vlhralyzer’' from which an amplitude vs frequency spectrum was obtained, 
usually from 5 to 250 cps but occasionally 5 to 500 cps when the spectrum 
spread beyond 250 cps« It was not possible to calibrate the Vlbralyzer 
so as to give absolute intensity levels, due to the complicated interaction 
of the record level, reproduce level and tsiark level controls but relative 
amplitudes of prominent components could be determined. The amplitude 
scales on the spectra In Appendix IV are therefore plotted in db below 
the anuplitude of the peak component. 

It may be noted in many of the time domain photographs, most 
noticeably in number 22, that a high frequency component Is present during 
portions of the output pulse. The frequency of this component was d@t©r> 
mined to be about 2 Kcs which is the frequency of "ringing*’ of the traais- 
ducer itself when partially filled with gas, suspended just below the sur- 
face and hit with a hawner. Since this component is Insignificant in 
nearly all cases. It was ignored in computing the energy content of the 
output waveforms. 
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3, R«.sul£<! 

At the beginning of the investigation. It was l:ri©w« /2f th«t fhe 
antount of gas in the ehansber over and above the amant that wonld rt^eostthine 
In the explosion was one of the factors controlling the width of the 
trum that would be obtained. It was also Implied, If not that the 

acoustic energy available from the explosions In the transduc@r was quite 
large. /!/ This assumption was later proven to be invalid; but ths Investt* 
gat ion began with it as a basis with the Intent of measuring this eneiegy. 
Investigating any directionality of the transducer as a necess^try adjunet to 
iceasuring the energy and computing the chemical to acoustical energy con” 
version efficiency, 

As the investigation progressed, results were obtained which lndic«e@d 
that not only the anrount of excess gas but, to some extent, ths nature 
the excess gas was a parameter affecting the acoustic energy content of th© 
explosion. The authors decided at this point to concentrate their forts 
in this area and to attempt to determine as nearly as possible the 
at one depth which would produce the maximum acoustic energy. 

A transducer depth of 200 ft and a water depth always in excess ©f 400 
ft were selected to minimize surface and bottom reflections. K»j#«r@us ex- 
plosions were set off with varying amounts of pure hydrogen, oxygen and nl= 
trogen as the excess gas and additional shots were mde with various mIx” 
Cures of these gases as excess. During this series of shots, one liter of 
combustible mixture (0,33 liter 0^ and 0,67 liter H 2 ) was roatntalpied , 

The end results of the investigation can best be appreciatad from a 
study of Figures 3, 4, and 5, which show curves of acoustic energy as t 
function of quantity of excess gas for pure hydrogen excess, pure nttrogea 
excess, .nnd various mixtures of excess respectively. It is ifv^^dt5t«3ly 
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©Mflo’iS tiiae (Lh(t s-ddltiosi oC *txe(S8S g^s ist'fectsf the aeou^tSc. €s-«tp«t 
that peak acotjseic output occurs for ratios of excess gas to explosive 
seixture between 1,5s 1 and 2s I, This peaking effect cerrelafcea to 3 @r.se ex* 
tent with detonation velocities for mixtures of these same gases given on 
page 80, Underwater Explosions by R. H. Cole /3/. 

The most surprising result of the Investigation, was neither that a 
peak did occur nor that it occurred where It did, but that the acoustic 
output at this peak was so small. When It is considered that over 7000 
Joules of free energy is available In the reconsbinatlon of the gases In- 
volved, (see Appendix IV) the conversion of less than one joule to acous- 
tic energy given a conversion efficiency in the neighborhood of 1/10© of 
one percent. When it is further considered that the spectra obtained In 
the region of maxlnum efficiency are relatively broad compared to the nar- 
rower spectra obtained with less efficient explosions, it is apparent that 
the requirements of high acoustic output and narrow spectrum are mutually 
Incompatible, at least for the particular transducer used In these tests. 

In any case the very low acoustic efficiency Indicates the process is of 
doubtful value as a source of high intensity acoustic signals. 

Although the study of the spectra Involved in these explosions has 
already been well covered /2/, the time domain pictures, frequency ©poctriS 
and a tabulation of acoustic energy content are Included In Appendix III 

for those Interested in studying them. Time domain pictures have ordinatiss; 

2 

converted to pressure In newtons/meter and abscissa given in milli-secondr, 
while the frequency spectra ordinates give relative power in decibels below 
the power in the strongest frequency component, 

A brief study of acoustic energy as a function of depth was attempted. 
For a single mixture, shots were conducted at 200, 173, 150, 125, and 100 
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fit'te . 'Th« hftJ tv© ? iters ^x«"@ss Hydrogeif} m 4 the reswStg 

are plotted In ftgc 6 vhieh ifluljcat^si that there Is no tignlficent varl= 
at Ion over the range o£ depths Investigated, 

Interesting, though not Important, results were obtained in the 
plosions which contained oxygen as the excess gas (Appendix IV), nuwhers 
37 to 41). The pulse was approximately the same pressure level as the 
excess hydrogen and nitrogen shots, but was of very short duratloss, i« 
some cases only one or two cycles of oscillation. 
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(o) Aeou'M ic enecgy content ts » function of excess gas In tS»« t^x- 
plonivM mixture and varies with the nature of the excess g«s^ 

(b) As a function of the amount of excess gas, the range over which 
maximum acoustic energy Is obtained does not correspond with the range 
over which the narrow bandwidth desired ts obtained. Therefore, for the 
transducer used, these two desirable characteristics are ineosspatiblc. 

(c) Chemical to acoustic energy conversion efficiencies are extreme- 
ly low in the transducer used in these experiments. Peak efficiency ob- 
tained was of the order of 1/100 of one percent, 

(d) The efficiency of the process, using bottled gas or in con- 
junction with a hydrolysis process, is so low that its value as a source 
of high intensity acoustic signals is extremely doubtful, 

5, Recointiendations. 

(a) No further work should be done in this field at the U, S, Nava! 
Postgraduate School unless theoretical studies indicate a transducer de- 
sign, gas mixture or detonation method which would Improve the conversion 
efficiency by at least 3 orders of magnitude. 

(b) In the event that further work is authorls5ed, a more suitable 
boat with an Internal power supply and equipped with suitable fo»?er 
winches should be provided as a platform from which to conduct the tests. 



16 



I 



j 





5I3T,tCXJPAPH\' 



J, Ro Harris and C<, M„ Rigsbea, An Investigation of the Power 
Spectruni of Underwater Explosions of Gaseous Hydrogen and Oxygen^ 
U. Se Naval Postgraduate School, 1960. (Confidential) 

2. A, D. Kelmlg, Jr., and J, L. Hofmockel, Frequency Analysis of 
Underwater Explosions In a Gas-Water Resonator, U. S. Naval 
Postgraduate School, 1961. (Confidential) 

3. R, H. Colo, Underwater Explosions, Princeton University Press, 
1950. 

4. L- E, Klnsler and A, R, Frey, Fundamentals of Acoustics, John 
Wiley & Sons, Inc., 1962. 

5. M. A. Paul, Principles of Chemical Thernjo-DjTiamics, McGraw- 
Hill Book Co., Inc., 1951. 



17 



i 






AFPSilDIir I 



GAS VOLUJE KEASUREJSSIITS 

fci^chttlque of fftet«rir»g the gas into £h@ explosive eh«?*pliar i.* § 
developed by pre'vious experinrjente¥s, /2/ The caltbrat lost cvjirvag for 
the regulator valves used are shown in Flgo 1 where thy erdlnatfe is 
milli” liters of gas and the abscissa Is gag pressure in the high 
gauge of the valve. 
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APfEllDiy IT 



SAHPr.lK<? -rSCItHK^ltS Am EKEEGY CCMPtTArmi 



As K«ntlonts4 in th^, text and ofcVicr appendices, £j;@ wivt fonas ©f 
the explosive signals were displayed on the Hughes Itesao-seop®,. Ordinates 
were then recorded every At. seconds where At Is deft^ed as follows; 

I£ any complex wave fores be sarapled at a rate such that th« nu^sber 
of samples is 'Z'T'V^-t 1 » where is the length of the sigsual if the 
signal is non-periodic and is the period if the signal has periodicity 
and where'"S5ris defined as twice the highest significant frequene- cora- 
ponent, then sampling theory states that the wave form may he rep^^o 
from these ordinates to an excellent degree of accuracy* If we assume 
that 2TjC( i$ much greater than one then the member of samples becomes 
2T W and the sampling Interval Is T' , the length of the pulse, divid- 
ed by 2.' 1 'VV , the number of sample ordinates; this satnpliog incerval i® 
that A“b which was to be defined. 

Prom sampling theory we also know that the energy In the pulse is 
given by 



Energy * Vfc * A^t 

Z ^ ^ — n. 

•-Af is the suiwftation of the squares of the sev'eral sampled 
ordinates, , Here the waveform Is assumed to be one of volt«ge and 

also to be taken across a one ohm load. From the gain character irstics 
of the tape recorder, the response characteristics of the receiving 
hydrophone and spherical divergence for the known spacing hetweers hydra- 
phovie and transducer, the voltage ordinates raay be converted to acoustic 
pressure ordinates. Acoustic energy to the explosive pressure pulse may 
then be computed from the relation - 



Energy 



4~(T • At p 

(OC C- 
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^ V JO ,-5. if c3 ? - 




i(? ihQ. ^4^.. 53? th^. X rh- 

qwsmttty PC in t?5e tc inrpi«4a&?£‘ 



P£6 water 



a«d ebe term 4*TT serves to Integrate over Ehig scatudard sphere ef one 
meter radius. Here It is ass*jfxed that there is no directivity, an 
asstmptlon that is reasonable for the frequencies Involved «nd one 
that was to sotne degree verified by observation. 

Now, coKspute the conversion constant which converts voltage squar^^d 
to acoustic pressure squared, Assuir® one volt out of the tape recorder 
at a wicrophon® input level setting of four (24 db gain). The input 
would then be 24 db below ore volt; and, assuming the receiving hydro- 
phone to he flat at -85 db re 1 volt p,'r rolcrobar, the sound pressure 
level at 20 ft is 



SPL * -24 - ( -85) s 61 db. 

Allowing for spherical divergence to find the source level ( SL )« 

SL s 61 ■¥ 20 log r ( r In nieters,) 

SL s 61 20 log 6,10 ^ 76,? db. 

From the relation between source level and pressure 

SL s 20 log 10 ?, (where is acoustic pressure 

in Newtons per square ) 

The pressure equivalent of 1 volt is 

2 

p, s 684 Newtons/imeters /volt, 

4 

squaring this constant yields 

2 5 2 4 2 

P, * 4,68 X 10 Newtons /meters /volts , 

Similar calculations for microphone input levels of three ( 12 db gain ) 

2 

end three and one-half ( 18 db gain) gave ss values for P and F 

2 ^ 2 2 
P^ m 7.41 X 10 Newtons /in^^ters /volts , 

3 2 

P^ s 2,725 X 10 ftev'tonf./weters /volt, 

2 6 2 4 2 

j s 1-S70 X 10 Kewtoos /nsters /volts 

3 2 

^3 5 U368 X 10 Mewtons/iaeters /volt. 
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' tuvu? tcA'w f f1«v c««i*gy tti 



tL^^ 



Energy ^ 



A-TY*At n ^ 



(0( 



F^»o ue-^cl 



a?:t^ CTie peak Ifi 

r^'^k po^er 

A tabuUition Cor all shots. Is givcFi in III. 



4-^\ Fm.c- 

(OC ' Vp 



'L 

Vpe'^W: 
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APFEMDIX in 



I- TABl^LATTOJ^ OF AU, SH0?5» Tlf-'S; t>OH4ItM 
PHOTOGMFMS AKD FEEQ8JEMCY SFECTM 
This appesHlix is s cahylacion of all shotSe I inelnsdigs shot 

nu3?her, dato shot msd®;, nstur® and q«aa£lEy of myiemns gas, ifistaatansotss 
peak aeoustie power sfad total aeousstlc energy, Tia® doR^tira photographi 
and frequency spectra for each shot In Table I are also «ho%m. 

In the time doHsaln photographs tha ordtaate Is given la newton^/ 

2 

meter per division and the abscissa In wlHi-seconds per divlidon. 

In the frequency spectra the ordinate Is in decibels b«low the peak 
eoBsponent and the abscissa in cycles per second. 
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TMilS I 



fhot 


Date 

of 

Shot 


Excess Gas 
^2 ^2 


Ir* St b* 

Pover 


Aeoyst £c 
Sne ruf 


Liters 


Liters 


Watts 


Joules 


1 


21 Feb. 


3,0 




5.5 


,051 


2 


7 Mar. 


3.0 




11 


-093 


3 


7 Mar. 


2.5 


- 


36,7 


,248 


4 


13 Hsr. 


2,25 




137 


,458 


5 


23 Feb. 


2.0 


- 


88 


,580 


6 


7 Mar 


2.0 


• 


107 


,562 


7 


13 Mar. 


1,75 


- 


146 


.690 


8 


7 Mar. 


1.5 




137 


.612 


9 


13 Mar. 


lc5 


- 


146 


,647 


10 


13 Mar, 


1.25 


- 


208,5 


.544 


11 


28 Feb 


1.0 


- 


55,3 


.196 


12 


21 Feb, 


- 


3.0 


11,7 


,066 


13 


7 Mar, 


- 


3.0 


12.4 


.138 


14 


7 Mar, 


- 


2.5 


8.6 


,.136 


15 


27 Mar. 


- 


2,0 


23,0 


,125 


16 


13 Har. 




2.0 


29.9 


,252 


17 


13 Mar, 


- 


1.75 


91.6 


,471 


18 


7 Mar. 


- 


1,5 


95 


.511 


19 


13 Mar. 


• 


1.5 


87 . 6 


.509 
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- 


1,25 
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.518 


21 
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55,3 


.212 
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7 IJar, 


0,5 


- 


0,5 


40,6 


,049 


23 


7 J-fer-, 


loO 




0,5 


102,7 


,359 


24 


7 ?fer<, 


0,5 


• 


1,0 


146,8 


,469 
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1,5 


* 


0.5 


74 


0, 514 


26 


28 Fab, 
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,442 


27 
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0.5 


- 
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,283 


28 


7 mr> 
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0,5 


21,2 


.177 


29 
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- 
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, US 
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0 13© 
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0,5 
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7 


2.5 


- 


,5 
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- 
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,133 
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- 
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35 
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- 


2.0 


13.8 


as4 


36 
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0,5 


- 


2,5 


11,1 


,074 


37 


28 Feb. 


- 


0s5 


1,5 


52,4 


0 260 


38 


28 Fab. 
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0a5 


2,5 


9,82 


,108 


39 


28 Feb. 


- 
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1,0 


55,3 


,198 


40 


28 P@b. 


- 


KO 


2,0 


6,46 


,074 


41 


27 Feb. 


- 


3a0 


- 


9,82 


,071 


42 


21 Febo 








«- 


<=, 



Note: All shots contain 0«67 liter H2 and 0,33 liter Oj in addit£ot( ro 
excess aho^/n. Shot imwiber 42 not s*mpledo 
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ArPETOrx rv 



CAI/:tJLATION OF CHEMICAL EMESGY 

Here It is assumed, that the ra combination of the hydrogen and oxygan 
takes place in such a vtmtm^v that gaseous water is formed initially and 
that the heat of combustion of this reaction is the available chemical 
energy. The reaction Is; 

H^+4 02= H^0 Q. 

where is the heat of combustion In cal, /mole and Is eqyial to 57,800 

cal/fflole. 

One liter of combustible mixture ( 0.33 O 2 and 0,67 min- 

talned. Assuming that hydrogen and oxygen are ideal gases ( 22,4 liter?/ 
raole ), there is 0,0299 mole of hydrogen and 0.0149 moles of oxygen. The 
reaction will yield 0,0299 moles ©f water vapor and 1728 calories of heat. 
Converting calories to joules gives 7260 joules. The value of 7260 joules 
was used as the chemical energy in computing the chemical to acoustic 
energy conversion efficiencies. 
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